Abstract: 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a tobacco specific nitrosamine found only in tobacco products. The ability to monitor biomarker concentrations is very important in understanding environmental tobacco smoke (ETS). In this study, an efficient and sensitive method for the analysis of NNK in dust was developed and validated using liquid chromatography tandem mass spectrometry. Dust was collected with filter paper soaked in methanol. The standard solution and dust sample were diluted with 100 mM ammonium acetate and extracted using dichloromethane. Our calibration curves ranged from 25 to 10 4 pg/mL. Excellent linearity was obtained with correlation coefficient values between 0.9996 and 1.0000. The limit of detection (LOD) was 5 pg/mL (S/N ≥ 3) and the retention time was 10 min. The limit of quantification (LOQ) was 25 pg/mL, and the acceptance criteria was the rate of 98-103% (80-120% at levels up to 3×LOQ). The coefficient of variations (CV) was 2.8%. Accuracies determined from dust samples spiked with four different levels of NNK racurves ranged that from 25 to 104 pg/mL. Excellent linearity was obtained between 92.1% and 114%. The precision of the method was acceptable (5% of CV). The recovery rates of the whole analytical procedure at low, medium, and high levels were 105.7-116.5% for NNK. The carry-over effects during LC-MS/MS analysis were not observed for NNK. This manuscript summarizes the scientific evidence on the use of markers to measure ETS.
Introduction
The fact that people are aware of the dangers of smoking and second-hand smoke (SHS) has been found in many studies already. Liver cancer is one of the common cancers all over the world. The International Agency for Research on Cancer (IARC) found smoking is one of the risk factors for liver cancer. Also many studies have demonstrated that SHS is a main cause of cardiovascular systems and lung cancer.
1-2 SHS includes many chemical compounds and associated nitrosamines as well as other carcinogenic impurities, polycyclic aromatic hydrocarbons (PAHs), 3-ethenylpyridine, phenol, cresols, naphthalene, and formaldehyde. [3] [4] [5] [6] Tobacco-specific nitrosamines (TSNAs) are the strongest carcinogens in tobacco and tobacco smoke. 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) TSNAs are found only in tobacco products. In humans, NNK is almost changed to 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL). TSNAs are classified as lung carcinogens by the IARC. 1, [7] [8] [9] 22 If it is exposed to such chemical components in home and schools, restaurants, bars, etc. This is referred to environmental tobacco smoke (ETS). Recently, smoke free of nonsmoking legislation was enforced in public places such as restaurants, bars and work places. However, the problem still exists at homes where children are dangerously exposed to ETS. 10 Another study indicated that when the father smokes in the home, then preschool children are more affected by SHS than other nonsmoking household members. Also a study demonstrateds that outdoor-smoking may reduce exposure to SHS, but it does not protect the family completely. 11 Presented at various research, exposure of ETS has very harmful effects on newborns and children. It is particularly dangerous due to abnormalities in lung function and behavioral problems in babies.
12-17
Smoking by men in the family has a serious impact on women and fetuses. Children are exposed to ETS not only in their homes but also in schools, restaurants, childcare facilities and other public places. 18 This problem is not confined to children. People do not know that how much they are exposed to SHS in everyday life. However exposure to secondhand smoke involves not many ingredients that can be quantified. NNK is a good indicator of how to quanitify SHS. Existing studies related to NNK have been collected from homes, using vacuum cleaners.
19-20
These methods are inconvenient for mobility and collection characteristics. Therefore in this study, we utilized a simple and rapid method for the detection and quantification of NNK in dust.
Experimental Method

Materials
All solvents were high performance liquid chromatography (HPLC)-grade. Ammonium acetate was purchased from Sigma-Aldrich (St. Louis, MO, USA). Methanol was purchased from Merke (Darmstadt, Germany). Water and dechloromethane used were of analytical grade (Fisher Scientific UK Limited). NNK and NNK-d4 were purchased from Toronto Research Chemical (North York, Ontario, Canada).
Collection and Extraction
Dust was collected with filter paper soaked in 50% methanol and added to 4 ml of 100 mM ammonium acetate after drying. The filter paper was removed after being voltexed for 15 min. The samples were mixed with internal standards 50 µL of NNK-d 3 (10000 pg/mL), and extracted with 5 mL of dichloromethane. Next, extracts were evaporated for 20 min at 50 o C and redissolved in 135 µL of solution with 10% methanol containing 10 mM ammonium acetate. Next, the solution had the pH adjusted to 6.5 for LC-MS/MS analysis. before it (10 µL) was into the LC-MS/MS system.
Instrument and analytical conditions
All samples were analyzed using Agilent 1260 Infinity rapid resolution liquid chromatograph from Agilent Technologies (Santa Clara, CA, USA) coupled with a Triple Quad 5500 equipped with a TurboIonSprayTM source from AB SCIEX (Framingham, MA, USA). A poroshell 120 EC-C18 column 4.6×50 µm, 2.7 µm from Agilent Technologies (Santa Clara, 
Calibration
The method was calibrated by spiking a pooled blank dust solution with 25, 50, 125, 250, 1000, 2500, 5000, 7500 and 10000 pg/mL NNK. Method validation was performed with an injection volume of 10 µL. The background peak area ratio in unspiked dust solution was zero for NNK. Each calibrator was analyzed twice. The means of the analyte/internal standard ratio were used for calculation of the regression function.
Method validation
As a criterion, the accuracy at average concentration level tested in these six matrices should be in the range of 85-115%. The recovery rate was determined by comparing the analyte concentrations at the low, middle and high levels, that were measured when blank dust extracts were spiked at the beginning of the sample work-up procedure, after sample workup, and before the LC-MS/MS measurements. Acceptance criteria for precision were ±15% to ±20% at levels up to three times the LOQ. Accuracy at low, medium, and high concentrations were determined with pooled blank dust solutions spiked at low, medium and high levels. Each level was tested five times. Acceptance criteria were rates of 100±15% (LLOQ:100 ±20%), as well as precision ≤ 15% (LLOQ:≤ 20%). LOD and LOQ were estimated with the signal to noise ratios of ≥ 3 and ≥ 5 were applied for estimating the LOD and LOQ, respectively. Matrix effects were determined by calculating the peak area ratios of the analytes at low and high concentrations when spiked to work-up dust extracts and the same amounts of analytes in six different blank matrices (Matrix factor-CV ≤ 15%). The carry over effects on the chromatographic system were tested by injecting dust extracts with low and high analyte concentrations two times, followed by a blank injection. These experiments were repeated three times (Blank ≤ 20% LLOQ). The freeze-thaw stability was confirmed subsequently at room temperature for 24h, refrigeration temperature (-20 
Data analysis
Calibration curves were prepared using a linear regression with 1/x weighting. All standard and sample concentrations were determined using internal standard areas versus analyte areas. Data analysis was performed using Microsoft Office Excel 2007.
Results and Discussion
LOD and LOQ
The LOD and LOQ for dust NNK method were assessed using NNK in methanol samples of the lowest concentration for the standard curve. The LOQ sample was processed and analyzed with a calibration curve and QC sample. The LOD and LOQ were 5 pg/mL (S/N 3.2), 25 pg/mL (S/N 7.2), respectively. The LOD and LOQ were defined by peak height, higher than the maximum baseline height of blank with the signal to noise ratios of ≥ 3, and ≥ 5 were applied for estimating the LOD and LOQ, respectively. The mean accuracy and % CV (precision) for the LOQ were 99.9% and 2.7% respectively. A typical MRM chromatogram at the LOQ concentration is shown in Fig. 1. 
Calibration, accuracy and precision
The accuracy and precision of the dust NNK method were assessed by analyzing QC samples with a calibration curve of three different days. The calibration curve consisted of seven standards of different concentrations, each in duplication. Our 
NNK spiking in blank dust (at the LOQ concentration) (D) IS (at 10000 pg/mL of NNK-d3) calibration curves ranged from 25 to 10000 pg/mL. Excellent linearity was obtained with correlation coefficient values between 0.9996 and 1.000, and the corresponding equation was y = 0.0102x+0.399 (as shown in Fig. 2 .) The QC sample consisted of four concentrations. The accuracies determined in four different dust matrices were between 100.5 and 104.6%. Precision (both within-and between days) of the method was found to be acceptable (CV < 10%). as shown in Table 1 .
Selectivity and specificity
Six different dust samples were used to check the selectivity and specificity of the dust NNK method. Also no interfering peaks from the different dust samples were found. Similarly, six different samples of dust were analyzed with and without internal standard to ascertain the selectivity and specificity of the dust NNK method. As shown in Table 2 , significant interfering peaks from the six different dust samples were not found at the retention times and in the MRM channels of either the analytes of the internal standards.
Recovery
The extraction recovery of NNK rates of the whole analytical procedure was at 30, 450, 4500 and 9000 pg/mL. The extraction recoveries of assay were 105.7, 111.3, 108.1 and 116.5%, respectively. The SD-standard deviation Spiked amount : 25 pg/mL Table 3 .
Stability
The results of the investigated stability parameters are shown in Table 4 . The stability of NNK was studied at -20 o C, room temperature, -80 o C and after freeze-thaw cycle. For the dust NNK method, QC samples at 30, 450, 4500 and 9000 pg/mL were used for the stability study. Thus, NNK was found to be stable for at least at room temperature 23h, for at least 4 weeks at -20 and -80 o C. NNK was found to be stable for at least three freeze-thaw cycles.
Carry-over and matrix effect
The carry over in the blank sample following the high concentration standard was smaller than 15% of the LOQ and 1% for the internal standard. as shown in Table 5 . Consequently, the carry-over effect between samples was not observed. The matrix effect on LC/ MS/MS was analyzed using six different dust samples of the low and high QC samples. The matrix effect on the ionization of the analyte and intetnal standard did not interfere with the assay conditions.
Conclusions
We do not know that how much of our lives are exposed to SHS. People know and acknowledge the dangers of SHS. However, they do not recognize the risks of being exposed to SHS in places such as buildings, institutions, restaurants, etc. Therefore, we think that people have not made a strong demand to a nation about smoking restrictions. NNK is an indicator of smoking and SHS. This study is the first time that a simple and rapid method for the detection and quantification of NNK in dust was explored. The excellent sensitivity of the proposed method makes it applicable for the determination of NNK studies on exposure to ETS. For previous studies, NNK was collected using a vacuum cleaner. However, this method was inefficient and was not simple. The main point of this very simple method herein is to demonstrate how easy it is to be exposed to ETS wherever we live. If so, the general public would know quantitatively how much they are exposed to ETS in their living environment. It is expected to reduce ETS exposure and change the awareness of society about its health. 
